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FITNESS MONITORING DEVICE WITH
USER ENGAGEMENT METRIC
FUNCTIONALITY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims benefit under 35 U.S.C. §119(e) to
U.S. Provisional Patent Application No. 61/898,326, filed
Oct. 31, 2013, and titled “FITNESS MONITORING
DEVICE WITH USER ENGAGEMENT METRIC FUNC-
TIONALITY,” and also claims priority as a continuation-in-
part under 35 U.S.C. §120 to U.S. application Ser. No.
14/201,467, filed Mar. 7, 2014, and titled “BIOMETRIC
MONITORING DEVICE HAVING A BODY WEIGHT
SENSOR, AND METHODS OF OPERATING SAME,”
which is itself a continuation of U.S. patent application Ser.
No. 14/027,164, filed Sep. 14, 2013, and now issued as U.S.
Pat. No. 8,747,312 and titled “BIOMETRIC MONITORING
DEVICE HAVING A BODY WEIGHT SENSOR, AND
METHODS OF OPERATING SAME,” which is itself a divi-
sional of U.S. patent application Ser. No. 13/929,868, filed
Jun. 28, 2013, and now issued as U.S. Pat. No. 8,696,569 and
titled “BIOMETRIC MONITORING DEVICE HAVING A
BODY WEIGHT SENSOR, AND METHODS OF OPERAT-
ING SAME,” which is itself a divisional of U.S. patent appli-
cation Ser. No. 13/346,275, filed Jan. 9, 2012, and now issued
as U.S. Pat. No. 8,475,367, which itself claims benefit under
35U.S.C. §119(e) to U.S. Provisional Patent Application No.
61/431,020, filed Jan. 9, 2011, all of which are hereby incor-
porated by reference in their entireties and to all of which the
present application claims priority.

BACKGROUND

Recent consumer interest in personal health has led to a
variety of personal health monitoring devices being offered
on the market. Such devices, until recently, tended to be
complicated to use and were typically designed for use with
one activity, e.g., bicycle trip computers.

Due to recent advances in sensor, electronics, and power
source miniaturization, fitness monitoring devices currently
offered, e.g., Fitbit’s activity trackers and other products,
greatly simplify the process of tracking health-related data by
consumers.

SUMMARY

Details of one or more implementations of the subject
matter described in this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages will become apparent from
the description, the drawings, and the claims. Note that the
relative dimensions of the following figures may not be drawn
to scale unless specifically indicated as being scaled draw-
ings.

In some implementations, a method of interacting with a
user to promote engagement with a fitness monitoring device
configured to measure a fitness parameter of the user is pro-
vided. The method may include detecting user engagement
with the fitness monitoring device on multiple occasions and
receiving a level of engagement metric for the user based, at
least in part, on multiple detected user engagements with the
fitness monitoring device. In such implementations, each user
engagement may produce at least one measurement of the
fitness parameter.
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In some such implementations, the method may further
include generating, from the level of engagement metric, a
notification containing information designed to encourage
the user to engage with the fitness monitoring device more
frequently and/or maintain an existing level of engagement
with the fitness monitoring device.

In some such implementations, receiving the level of
engagement metric for the user may also include determining
the level of engagement metric for the user based, at least in
part, on multiple detected user engagements with the fitness
monitoring device.

In some implementations, the fitness monitoring device
may be a scale and the fitness parameter may be the user’s
weight. In some such implementations, the scale may be
configured to measure the user’s weight and percent body fat.
In some such implementations, the method may further
include determining the user’s percent body fat by measuring
the impedance between two or more electrodes on the scale.

In some implementations of the method, receiving the level
of engagement metric may also include determining the
user’s frequency of user engagement with the fitness moni-
toring device.

In some implementations of the method, the method may
further include receiving information indicating a change in
the user’s frequency of user engagement with the fitness
monitoring device after generating the notification.

In some implementations of the method, receiving the level
of engagement metric may include calculating a weighted
moving average based on a plurality of prior user engagement
metrics for a plurality of time intervals.

In some implementations of the method, the method may
further include receiving a holistic health score determined
from one or more of the following parameters associated with
the user: a sleep characteristic, a demographic characteristic,
a location characteristic, a caloric intake rate, body fat level,
step count per unit time, a level of interaction with a second
fitness monitoring device, and weight. The method may also
further include using the holistic health score, together with
the level of engagement metric, to determine the information
that is designed to encourage the user to more frequently
engage with the fitness monitoring device and/or maintain a
level of engagement with the fitness monitoring device.

In some implementations of the method, the holistic health
score may be determined from one or more parameters
obtained from a second fitness monitoring device or by data
provided by via a website in association with an account
associated with the person.

In some implementations of the method, the notification
may include presenting a congratulatory message for reach-
ing a defined value of the level of engagement metric and/or
a defined value of the fitness parameter.

In some implementations of the method, the notification
may include presenting a castigatory message for failing to
reach a defined value of the level of engagement metric and/or
a defined value of the fitness parameter.

In some implementations of the method, the notification
may include a message that is sent to a friend or relative of the
person.

In some implementations of the method, the notification
may include a message to the user presented via a social
networking site and visible to people associated with an
account of the user on the social networking site.

In some implementations of the method, the notification
may include presenting a congratulatory message for meeting
a pre-established user engagement goal.

In some implementations of the method, the notification
may include granting a gaming asset for a computer-based
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game to the user and/or taking the gaming asset away from the
user. In some implementations, the gaming asset may be an
avatar accessory, in-game currency, an in-game unlockable,
or downloadable content.

In some implementations of the method, the method may
further include determining through the user’s level of
engagement metric and/or measured fitness parameter that
the user has changed a behavior impacting fitness and the
notification may include presenting a congratulatory message
for changing the behavior that impacts the user’s fitness.

In some implementations of the method, the notification
may include an audible communication and/or a tactile com-
munication.

In some implementations of the method, the method may
further include determining that the level of engagement met-
ric is below a threshold level of engagement, determining the
location of the user, and causing the fitness monitoring device
to move with respect to the user. In some such implementa-
tions, the fitness monitoring device may be caused to move
relative to the location of the user. For example, in some
implementations, the fitness monitoring device may be
caused to move towards the location of the user, whereas in
other implementations, the fitness monitoring device may be
caused to move away from the location of the user.

In some implementations of the method, the method may
further include determining that an alarm clock alarm is to be
activated based on data indicating time and providing the
notification via the notification mechanism responsive to the
determination that the alarm clock alarm is to be activated.

In some such implementations, the method may further
include ceasing providing the notification responsive to the
user engaging with the fitness monitoring device to produce a
measurement of the fitness parameter. For example, the user
may cause the notification to cease being provided if they
interact with the fitness monitoring device to obtain a mea-
surement of the fitness parameter.

In some implementations of the method, the method may
further include measuring the fitness parameter of the user
and using the measured fitness parameter to distinguish the
user from multiple other users.

In some such implementations of the method, the method
may further include storing measured values of the fitness
parameter for the user and for the other users, comparing a
currently-measured value of the fitness parameter to the
stored measured values of the fitness parameters, and deter-
mining which user provides the currently-measured value of
the fitness parameter based on a correlation between the
stored measured values of the fitness parameters for the user
and the currently measured value of the fitness parameter.

In some implementations of the method, the method may
further include generating multiple notifications of different
types, each containing information designed to encourage the
user to more frequently engage with the fitness monitoring
device and/or maintain a level of user engagement with the
fitness monitoring device; determining whether one or more
of the types of notifications corresponds to the user’s more
frequent engagement with the fitness monitoring device; and
adjusting the generating of the multiple notifications of dif-
ferent types to promote the more frequent engagement with
the fitness monitoring device.

In some implementations, a system may be provided. The
system may include one or more processors, a memory, a first
biometric sensor, and a notification mechanism. The first
biometric sensor may be configured to measure one or more
fitness parameters of a first person; the first biometric sensor,
the notification mechanism, the one or more processors, and
the memory may be communicatively connected; and the
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memory may store instructions for controlling the one or
more processors to: detect user engagement by the first person
with the first biometric sensor on multiple occasions, deter-
mine a level of engagement metric for the first person based,
at least in part, on multiple detected user engagements with
the fitness monitoring device, and generate, from the level of
engagement metric and using the notification mechanism, a
notification containing information designed to encourage
the first person to more frequently engage with the first bio-
metric sensor and/or maintain a level of engagement with the
first biometric sensor. In such implementations, each user
engagement may produce at least one measurement of a fit-
ness parameter using the first biometric sensor.

In some implementations of the system, the first biometric
sensor may be housed in a scale and may be configured to at
least measure the weight of the first person. In some such
implementations, the one or more processors may include at
least one processor located in a web server remote from the
scale.

In some implementations of the system, the memory may
further store instructions for further controlling the one or
more processors to determine the level of engagement metric
for the first person based at least in part on the first person’s
frequency of user engagement with the first biometric sensor.

In some implementations of the system, the memory may
further store instructions for further controlling the one or
more processors to determine a change in the first person’s
frequency of user engagement with the first biometric sensor
after generating the notification.

In some implementations of the system, the memory may
further store instructions for further controlling the one or
more processors to: determine a holistic health score from
one or more of the following parameters associated with the
first person: a sleep characteristic, a demographic character-
istic, a location characteristic, a caloric intake rate, a level of
interaction with a second biometric sensor, and weight; and
then use the holistic health score, together with the level of
engagement metric, to determine the information designed to
encourage the first person to more frequently engage with the
first biometric sensor and/or maintain a level of engagement
with the first biometric sensor.

In some implementations of the system, the notification
may include presenting a congratulatory message for reach-
ing a defined value of the level of engagement metric and/or
a defined value of the fitness parameter.

In some implementations of the system, the notification
may include a message to a second person associated with the
first person.

In some implementations of the system, the notification
may include a message to the first person presented via a
social networking site and visible to other people associated
with an account of the first person on the social networking
site.

In some implementations of the system, the notification
may include presenting a congratulatory message for meeting
a pre-established fitness goal.

In some implementations of the system, the notification
may include a castigatory message for failing to meet a pre-
established fitness goal.

In some implementations of the system, the memory may
further store instructions for further controlling the one or
more processors to: determine through the first person’s level
of' engagement metric and/or measured fitness parameter that
the first person has changed a behavior impacting fitness, and
the notification may include presenting a congratulatory mes-
sage for changing the behavior impacting fitness.
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In some implementations of the system, the notification
may include an audible communication and/or a tactile com-
munication.

In some implementations of the system, the memory may
further store instructions for further controlling the one or
more processors to: determine that the level of engagement
metric is below a threshold level of engagement, determine
the location of the first person, and cause the first biometric
sensor to move with respect to the first person.

In some such implementations of the system, the memory
may further store instructions for further controlling the one
or more processors to cause the first biometric sensor to move
towards the first person.

In some implementations of the system, the memory may
further store instructions for further controlling the one or
more processors to: determine whether a time-based alarm is
to be activated and provide the indication via the notification
mechanism responsive to the determination that the time-
based alarm is to be activated.

In some implementations, an apparatus may be provided.
The apparatus may include a housing; at least one biometric
sensor configured to measure at least one fitness parameter of
a person associated with the apparatus; a notification mecha-
nism, wherein the notification mechanism is selected from the
group consisting of: a visual indicator, a tactile indicator, an
audio indicator, an electronic communications interface, and
combinations thereof; and a controller including one or more
processors and a memory. The one or more processors and the
memory may be communicatively connected, and the
memory may store instructions for controlling the one or
more processors to: receive an instruction to activate the
notification mechanism to indicate that the person associated
with the apparatus should use the apparatus to obtain a mea-
surement of the at least one fitness parameter using the at least
one biometric sensor, and cause, responsive to receiving the
instruction, the notification mechanism to provide an indica-
tion that the person associated with the apparatus should use
the apparatus to obtain a measurement of the at least one
fitness parameter using the at least one biometric sensor.

In some such implementations, the apparatus may be a
scale and the at least one biometric sensor may include a
weight-sensing sensor.

In some implementations of the apparatus, the indication
may be provided by an action such as activating a visual
indicator on the apparatus, emitting an audible sound, emit-
ting an audible melody, emitting a spoken message, vibrating
all or part of the apparatus, causing the apparatus to move,
sending a wireless signal to a remote device, or combinations
thereof.

In some implementations of the apparatus, the instruction
to activate the notification mechanism may be generated, at
least in part, in response to a level of engagement metric for
the apparatus, wherein the level of engagement metric is
determined, at least in part, based on in how many time
intervals within a defined time period the person associated
with the apparatus has obtained a measurement of the at least
one fitness parameter using the apparatus.

In some implementations of the apparatus, the instruction
may be received by the one or more processors from a device
remote from the apparatus. In some such implementations,
the instruction may be received by the one or more processors
via a wireless connection and from a device remote from the
apparatus.

In some implementations of the apparatus, the apparatus
may further include a sensor configured to detect when the
person is near the apparatus and the memory may further store
instructions for further controlling the one or more processors
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to cause the notification mechanism to provide the indication
that the person should use the apparatus to obtain the mea-
surement of the at least one fitness parameter using the at least
one biometric sensor when the sensor indicates that the per-
son is near the apparatus. In some such implementations of
the apparatus, the sensor may be a microphone, an acceler-
ometer, a camera, a motion sensor, a CO, sensor, a particle
counter, or combinations thereof.

In some implementations of the apparatus, the sensor may
be a wireless receiver and may be configured to determine
that the person is near the apparatus by, at least in part,
receiving a wireless signal from a device worn or carried by
the person.

In some implementations of the apparatus, the apparatus
may be a scale and the at least one biometric sensor may
include a weight-sensing sensor. In such implementations,
the apparatus may further include a locomotive drive mecha-
nism configured to move the apparatus across a floor and the
memory may store further instructions for further controlling
the one or more processors to control the locomotive drive
mechanism to move the apparatus relative to the person.

In some such implementations of the apparatus, the
instructions for further controlling the one or more processors
to control the locomotive drive mechanism to move the appa-
ratus relative to the person control the locomotive drive
mechanism to move the apparatus towards the person. In
some additional or alternative such implementations of the
apparatus, the instructions for further controlling the one or
more processors to control the locomotive drive mechanism
to move the apparatus relative to the person control the loco-
motive drive mechanism to move the apparatus away from the
person.

In some implementations of the apparatus, the memory
may store further instructions for further controlling the one
or more processors to control the notification mechanism to
emit an audible sound or a pre-recorded or synthesized voice
message encouraging the person to weigh themselves using
the apparatus.

In some implementations of the apparatus, the memory
may store further instructions for further controlling the one
or more processors to: determine a current time of day, deter-
mine that the current time of day correlates with a pre-set
alarm time, and provide the indication via the notification
mechanism responsive to the determination that the current
time of day correlates with the pre-set alarm time.

In some such implementations of the apparatus, the
memory may store further instructions for further controlling
the one or more processors to cancel the indication in
response to the person associated with the apparatus using the
apparatus to obtain the measurement of the at least one fitness
parameter using the at least one biometric sensor.

In some such implementations of the apparatus, the indi-
cation may be a wireless signal sent by the apparatus to a
remote device and the instructions for controlling the one or
more processors to cancel the indication cause the apparatus
to send a second wireless signal to the remote device indicat-
ing that the indication is to be canceled.

These and other implementations are described in further
detail with reference to the Figures and the detailed descrip-
tion below.

BRIEF DESCRIPTION OF THE DRAWINGS

The various implementations disclosed herein are illus-
trated by way of example, and not by way of limitation, in the
figures of the accompanying drawings, in which like refer-
ence numerals may refer to similar elements.
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FIG. 1 depicts a functional schematic for a fitness moni-
toring device.

FIG. 2 depicts an image of a Fitbit Aria™ body weight
scale.

FIG. 3 depicts a framework for certain implementations of
an engagement and interaction process using a fitness moni-
toring device such as a body weight scale.

FIG. 4 depicts a flow diagram for a technique for determin-
ing how engaged a person is with a fitness monitoring device.

FIG. 5 depicts a flow diagram of one technique for deter-
mining a level of engagement metric.

FIG. 6 depicts a flow diagram of another technique for
determining a level of engagement metric.

FIG. 7 depicts a flow diagram of a technique for determin-
ing a level of engagement metric that utilizes a weighted
contribution paradigm.

FIG. 8 depicts a flow diagram of another technique for
determining a level of engagement metric that utilizes a
weighted contribution paradigm.

FIG. 9 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device.

FIG. 10 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device that involves combining the fitness monitoring device
with alarm clock functionality.

FIG. 11 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device that has a proximity detection system.

FIG. 12 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device that involves combining the fitness monitoring device
with a proximity detection system and a locomotive mecha-
nism.

DETAILED DESCRIPTION

The present inventors have realized that the advent of con-
sumer-oriented fitness monitoring devices such as wireless
weight scales and activity trackers has led to widespread
adoption of voluntary self-monitoring and data collection by
consumers, enabling intervention-less experiments on behav-
ioral modification that were previously impossible or imprac-
tical. For example, Fitbit, Inc., fitness monitoring devices,
including wearable fitness/activity trackers and wireless body
weight scales, collect large amounts of data on individuals’
health and activity habits entirely without external prompting
by experimenters. As a result, the present inventors studied a
large volume of data resolved to the level of a single user, and
have determined that there is, under circumstances, an
observable correlation between an individual’s weight loss
and the frequency with which they check their weight with
advanced weight-monitoring devices.

Accordingly, the present inventors have determined that
increased voluntary, unprompted usage of a body weight
scale, such as Fitbit’s Aria, correlates with increased overall
fitness and increased weight loss, either through increased
activity (caloric burn), healthier diet (less caloric intake), or
both. This is notable in the context of a device such as the Aria
since the Aria does not track activity, but only tracks weight
and body fat percentage. The present inventors have discov-
ered that increasing voluntary user engagement with fitness
monitoring devices, such as with weight scales, may cause
users to also become more actively engaged with their health
and to consequently experience greater success in terms of
leading healthier lifestyles. The present inventors have also
discovered that there is a benefit to encouraging increased
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user engagement with fitness monitoring devices in general,
e.g., fitness monitoring devices other than body weight scales.

To be clear, while many of the examples provided herein
are directed at fitness monitoring devices in the form of a
body weight scale, the correlation between high frequency of
engagement with a fitness monitoring device and increased
fitness/weight loss is to be understood to extend to all types
fitness monitoring devices, including to fitness monitoring
devices that are “continuous” monitoring devices, e.g., wear-
able activity trackers that collect data continuously, as well as
to “intermittent” monitoring devices, e.g., scales and other
devices that are not worn by a person but that may be inter-
acted with sporadically by a person in order to track “slow”
data, i.e., data where continuous sampling is unnecessary due
to the low speed with which that data may change. It is also to
be understood that, with respect to wearable continuous
monitoring devices, user engagement may be defined as
including both the simple act of wearing such devices and the
more involved act of deliberately interacting with the devices,
e.g., pushing a button in order to view a measured fitness
parameter. The former may be referred to herein as “passive
user engagement,” and the latter may be referred to herein as
“active user engagement.” “Active user engagement” may
also be used to describe the engagement of a person with an
intermittent monitoring device in order to obtain a fitness
parameter measurement. Generally speaking, the techniques
described herein may be used with either type of user engage-
ment.

“User engagement,” as used herein with respect to a per-
son’s “user engagement” with a particular fitness monitoring
device or biometric sensor, refers to an interaction of the
person with the fitness monitoring device or a biometric sen-
sor in such a way that the fitness monitoring device or bio-
metric sensor produces a measurement of a fitness parameter
for that person. In some cases, a fitness monitoring device or
biometric sensor may generally remain in a location separate
from a person, and the person may need to approach the
fitness monitoring device or biometric sensor and actively
interact with it in order to “engage” with the fitness monitor-
ing device or biometric sensor, e.g., stepping on a floor scale
to take a weight measurement. In other cases, the fitness
monitoring device or biometric sensor may be designed to be
worn by the person, in which case the person may be
“engaged” with the fitness monitoring device or biometric
sensor as long as they are wearing it or, in some cases, by
probing, interrogating, or otherwise deliberately interacting
with the fitness monitoring device or biometric sensor.

The present inventors have discovered that a “level of
engagement metric,” which is a measure of how “engaged” a
person is with a fitness monitoring device or biometric sensor,
may provide valuable insight to the person’s behavior and
serve as a prompt for actions to be taken that may increase
user health through increased user engagement with the fit-
ness monitoring device or biometric sensor. The level of
engagement metric may serve as a normalized or standard-
ized metric across a large population of people that use fitness
monitoring devices or biometric sensors. The level of engage-
ment metric may be determined through a variety of tech-
niques, although, regardless of technique, the level of engage-
ment metric may be viewed as indicative of how frequently a
specific person interacts with the device in question or how
excited or interested that person is in the device.

In some implementations, the level of engagement metric
may be calculated based on the number of user engagements
with a fitness monitoring device or biometric sensor over a
period of time. For example, a person who uses a fitness
monitoring device or biometric sensor on 5 out of 7 days in a
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week may have alevel of engagement metric for the week that
is approximately 0.71. However, other techniques for calcu-
lating a level of engagement metric for the person may be
used as well, including using different time periods, different
intervals, the intensity of engagement in one or more inter-
vals, and so forth. The level of engagement metric for a person
may also be influenced by factors that do not result from
direct engagement with the fitness monitoring device or bio-
metric sensor, but that otherwise indicate that the person is
actively interested in/aware of the fitness monitoring device
or biometric sensor. For example, if a person mentions the
fitness monitoring device or biometric sensor on a social
networking site or in an email, that may be factored into the
level of engagement metric as indicating a higher level of
engagement.

Generally speaking, the level of engagement metric may
take on any of a variety of forms, but may reflect certain basic
characteristics. For example, the level of engagement metric
typically relates a number of actual “user engagements” to a
number of opportunities for “user engagement.” The level of
engagement metric often presents a ratio of these two quan-
tities. The exact form of the level of engagement metric may
vary from user to user, and between different groups to which
auser belongs, e.g., demographic groups may utilize different
rules to calculate a level of engagement metric, and a person
may be a member of multiple demographic groups.

The quantities used to calculate a level of engagement
metric may be simple counts, e.g., evaluations of whether a
user engagement occurred/did not occur within a given
opportunity for engagement, that are unaffected by other
considerations, such as the type of user engagement or the
time of the user engagement.

Other quantities used to calculate the level of engagement
metric may be weighted such that some user engagements or
opportunities for engagement contribute more to the level of
engagement metric than others. Weighting may be based on
day (of week, year, weather condition, etc.) or recentness of
the user engagement or opportunity for engagement.

Once a level of engagement metric for a person with
respect to a fitness monitoring device has been determined, a
decision may be made as to whether or not action should be
taken to attempt to increase the person’s user engagement
with the fitness monitoring device. In some implementations,
this may include deciding whether or not action should be
taken to maintain a person’s level of user engagement with the
fitness monitoring device.

For example, if a person uses a fitness monitoring device,
e.g., a body weight scale, twice a week, they may have a
comparatively low level of engagement metric as compared
with people who also use the same type of fitness monitoring
device daily. A decision may be made that an attempt should
be made to alter the person’s behavior such that they more
frequently engage with the fitness monitoring device (thus
increasing their level of engagement metric).

If an attempt is made to alter the person’s engagement with
a fitness monitoring device, such an attempt may take any of
anumber of forms. The particular form used may be selected
based on a variety of factors, including the forms of past
attempts that appear to have been successful (or unsuccessful)
in provoking the desired change in engagement for the per-
son, which forms of attempts have been successtul (or unsuc-
cessful) as a whole across a demographic group to which the
person belongs, etc.

These attempts may, in the context of this disclosure, take
the form of a “notification;” the mechanism through which
the notification may be conveyed may, generally speaking, be
referred to as a notification mechanism. A notification (or
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indication), as used herein, is, unless otherwise indicated by
the context, a communication that is initiated with the inten-
tion of encouraging a person to engage more frequently with
a fitness monitoring device or biometric sensor. Notifications
may be provided through a variety of media, and may, in some
cases, require further action by an intermediate device before
being perceptible by the person. For example, a fitness moni-
toring device or biometric sensor may have a notification
mechanism that includes a display or lights that are config-
ured to display graphics or light up in order to catch the
attention of a person (the notification, in this case, may refer
to a signal that is sent to the lights or display that cause these
components to light up or display graphics to a person; it may
also refer to the light or graphics that is emitted or displayed
by components receiving the signal in response to the signal).
In some examples, the fitness monitoring device or biometric
sensor may have a notification mechanism that includes a
speaker or other device capable of generating auditory output
that may be used to provide the notification (the notification in
this case may be a signal that is sent to a speaker or other audio
device; it may also refer to the actual audio output that is
generated by the audio device in response to the signal. In
some other or additional examples, the notification mecha-
nism may include a wireless interface and the notification
may take the form of an electronic or electromagnetic com-
munication, e.g., a wireless signal, that is sent to another
device, e.g., a wearable fitness monitoring device such as a
Fitbit activity tracker or a smartphone, associated with the
person (the notification in this case may be an electromag-
netic signal; it may also refer to any audio, visual, tactile, or
other output generated by the receiving device in response to
receipt of the signal). In such scenarios, the notification may
still be generated or initiated by the notification mechanism
even if the intended recipient device of the communication
fails to be activated or otherwise fails to convey the notifica-
tion to the person.

FIG. 1 depicts a generalized schematic of an example fit-
ness monitoring device or other device with which the various
operations described herein may be executed, either in whole
or in part. The fitness monitoring device 102 may include a
processing unit 106 having one or more processors, amemory
108, an operator interface 104, one or more biometric sensors
110 (e.g., a load cell or strain gauge used for measuring
weight, electrodes for measuring body fat percentage, accel-
erometers for measuring movement, etc.), input/output 112, a
locomotive mechanism 116, and a notification mechanism
118. The processing unit 106, the memory 108, the operator
interface 104, the one or more biometric sensors 110, the
locomotive mechanism 116, and the input/output interface
112 may be communicatively connected via communications
path(s) 114 (it is to be understood that some of these compo-
nents may also be connected with one another indirectly).
One or more of these components or systems may be omitted
from some implementations if the functionality provided by
them is not needed, e.g., the locomotive mechanism may be
omitted if the fitness monitoring device does not need to be
capable of self-directed movement.

The fitness monitoring device may collect one or more
types of fitness parameter data, e.g., data pertaining to physi-
cal characteristics of the human body (such as weight, body
fatpercentage, heartbeat, perspiration levels, etc.) and/or data
relating to the physical interaction of that body with the
environment (such as accelerometer readings, gyroscope
readings, etc.), from the one or more biometric sensors 110
and/or external devices (such as an external heart rate moni-
tor, e.g., a chest-strap heart rate monitor) and may then store
such information for later use, e.g., for communication to
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another device via the I/O interface 112, e.g., a smartphone or
to a server over a wide-area network such as the Internet. The
processing unit 106 may also perform an analysis on the
stored data and may initiate various actions depending on the
analysis. Alternatively or additionally, one or more proces-
sors located external to the fitness monitoring device may
analyze the data, e.g., a server or cloud-based data handling
system may analyze the data and then communicate results
back to the fitness monitoring device (or send instructions
based on the results back to the fitness monitoring device).

In general, fitness monitoring devices may incorporate one
or more types of user interfaces including but not limited to
visual, auditory, touch/vibration, or combinations thereof.
The fitness monitoring device may, for example, display
information relating to one or more of the data types available
and/or being tracked by the fitness monitoring device
through, for example, a graphical display or through the
intensity and/or color of one or more LEDs. The user interface
may also beused to display data from other devices or internet
sources. The device may also provide haptic feedback
through, for instance, the vibration of a motor or a change in
texture or shape of the device. In some implementations, the
biometric sensors themselves may be used as part of the user
interface, e.g., accelerometer sensors may be used to detect
when a person taps the housing of the fitness monitoring
device with a finger or other object and may then interpret
such data as a user input for the purposes of controlling the
fitness monitoring device. For example, double-tapping the
housing of the fitness monitoring device may be recognized
by the fitness monitoring device as a user input that will cause
the display of'the fitness monitoring device to turn on from an
off state or that will cause the fitness monitoring device to
transition between different monitoring states, e.g., from a
state where the fitness monitoring device may interpret data
according to rules established for an “active” person to a state
where the fitness monitoring device may interpret data
according to rules established for a “sleeping” person. In
another example, standing on a body weight scale may cause
the body weight scale to enter an “active” mode where it
attempts to obtain a fitness parameter measurement—a load
cell used to obtain the measurement may also be used as a
switch to cause the body weight scale to enter the active
mode.

While the user is using, i.e., engaged with, the fitness
monitoring device 102, the fitness monitoring device 102
may calculate or measure and store a fitness parameter, e.g.,
weight and/or body fat percentage and then subsequently
transmit data representative of the fitness parameter to the
user’s account on a web service like www.Fitbit.com, to a
mobile computational device, e.g., a phone, paired with the
fitness monitoring unit, and/or to a standalone computer or
server where the data may be stored, processed, and visual-
ized by the user. Such transmission may be carried out via
communications through I/O interface 112. Various fitness
monitoring devices that may be used with the techniques
discussed herein may measure or calculate fitness parameters
that include, but are not limited to, caloric energy expendi-
ture, floors climbed or descended, heart rate, heart rate vari-
ability, heart rate recovery, location and/or heading (e.g.,
through GPS), elevation, ambulatory speed and/or distance
traveled, swimming lap count, bicycle distance and/or speed,
blood pressure, blood glucose, skin conduction, skin and/or
body temperature, electromyography data, electroencephalo-
graphic data, weight, body fat, and respiration rate. The
device may also measure or calculate metrics related to the
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environment around the user such as barometric pressure,
weather conditions, light exposure, noise exposure, and mag-
netic field.

As mentioned previously, collected fitness parameter data
from the fitness monitoring device may be communicated to
external devices through the communications or /O interface
112. The I/O or communications interface may include wire-
less communication functionality so that when the fitness
monitoring device comes within range of a wireless base
station or access point, the stored data automatically uploads
to an Internet-viewable source such as a website, e.g., www-
.Fitbit.com. The wireless communications functionality may
be provided using one or more communications technologies
known in the art, e.g., Bluetooth, RFID, Near-Field Commu-
nications (NFC), Zigbee, Ant, optical data transmission, etc.
The fitness monitoring device may also contain wired com-
munication capability, e.g., USB. The external device or
devices, e.g., a server or cloud computing system, may then
analyze the data according to the techniques described herein.

Other implementations regarding the use of short range
wireless communication are described in U.S. patent appli-
cation Ser. No. 13/785,904, titled “Near Field Communica-
tion System, and Method of Operating Same” filed Mar. 5,
2013 which is hereby incorporated herein by reference in its
entirety.

It is to be understood that FIG. 1 illustrates a generalized
implementation of a fitness monitoring device 102 that may
be used to implement a fitness monitoring device or other
device in which the various operations described herein may
be executed. It is to be understood that in some implementa-
tions, the functionality represented in FIG. 1 may be provided
in a distributed manner between, for example, a chest-strap
heart rate sensor may communicate with a separate fitness
monitoring device worn elsewhere.

Moreover, it is to be understood that in addition to storing
program code for execution by the processing unit to effect
the various methods and techniques of the implementations
described herein, the memory 108 may also store configura-
tion data or other information used during the execution of
various programs or instruction sets or used to configure the
fitness monitoring device. The memory 108 may also store
fitness parameter data collected by the fitness monitoring
device. It is to be further understood that the processing unit
may be implemented by a general or special purpose proces-
sor (or set of processing cores) and thus may execute
sequences of programmed instructions to effectuate the vari-
ous operations associated with obtaining fitness parameter
data, as well as interaction with a user, system operator or
other system components. In some implementations, the pro-
cessing unit may be an application-specific integrated circuit.

Though not shown, numerous other functional blocks may
be provided as part of the fitness monitoring device 102
according to other functions it may be required to perform,
e.g., environmental sensing functionality, etc. Other func-
tional blocks may provide wireless telephony operations with
respect to a smartphone and/or wireless network access to a
mobile computing device, e.g., a smartphone, tablet com-
puter, laptop computer, etc. The functional blocks of the
fitness monitoring device 102 are depicted as being coupled
by the communication path 114 which may include any num-
ber of shared or dedicated buses or signaling links. More
generally, however, the functional blocks shown may be inter-
connected using a variety of different architectures and may
be implemented using a variety of different underlying tech-
nologies and architectures. With regard to the memory archi-
tecture, for example, multiple different classes of storage may
be provided within the memory 108 to store different classes
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of data. For example, the memory 108 may include non-
volatile storage media such as fixed or removable magnetic,
optical, or semiconductor-based media to store executable
code and related data and/or volatile storage media such as
static or dynamic RAM to store more transient information
and other variable data.

The locomotive mechanism 116 may be used to cause the
fitness monitoring device 102 to independently move about,
e.g., similar to how a Roomba™ vacuum cleaner may navi-
gate about a room. The locomotive mechanism may include
some form of mechanical drive that may provide power to
wheels, treads, or other mechanisms that may be used to move
the fitness monitoring system about—such a mechanism
may, for example, be used in a fitness monitoring system such
as that described with respect to FIG. 12. The locomotive
mechanism 116 may, in addition to a motor or motors and
wheels or treads, include a controller with one or more pro-
cessors and a memory that stores instructions for controlling
the motor or motors to cause the fitness monitoring device to
move about.

The notification mechanism 118 may be configured to
generate and/or provide one or more notifications to a user,
and may include one or more components that may be used to
generate audio, visual, tactile, electromagnetic, or other types
of notifications.

FIG. 3 presents a conceptual framework for certain
embodiments disclosed herein. At one level, a fitness moni-
toring device and/or an associated component such as a server
or mobile computing device receives engagement input 303
such as the frequency of engagement with the fitness moni-
toring device, a change in the frequency of engagement with
the fitness monitoring device (or some other function of the
frequency of engagement), and engagement with one or more
other fitness devices or fitness media (e.g., a social media
service having a fitness component). Other types of input are
described elsewhere herein. The fitness monitoring device
and/or associated component buffer or store these inputs and
under defined triggering conditions calculate a value of the
engagement metric as illustrated a 305. As explained else-
where herein, the engagement metric may have many differ-
ent forms depending on the independent variables (inputs)
employed and the importance attached to each such variable.
Optionally, the fitness monitoring device and/or associated
component also calculates a holistic health metric 307 from
inputs selected because they are relevant to the engagement
metric. Example input categories include the following char-
acteristics of the fitness monitoring device’s user: demo-
graphic, activity level, caloric intake, and sleep quality. Other
types of input are described elsewhere herein. A holistic
health metric, as used herein, refers to a health score or metric
that may incorporate multiple characteristics of a person and/
or their behavior in order to arrive at a metric indicative of the
person’s state-of-health.

The process uses the engagement metric and optionally the
holistic health metric to determine whether an action is to be
taken (and, in some implementations, the nature of the action)
by the fitness monitoring device (or associated component).
Seeblock 309. The action is typically a direct interaction with
the device user. See interactions 311. In various implementa-
tions, the interaction is chosen to encourage the user to
engage more frequently and/or productively with the fitness
monitoring device. The interaction may also be chosen to
encourage other healthful user behaviors. Examples of inter-
actions include user notifications such as an “internal” noti-
fication such as visual, audio, or tactile output from the scale
or other fitness monitoring device, and an “external” notifi-
cation such as email messages, text messages or badges pro-
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vided to the user. Another example of an external notification
is an update to the user’s fitness dashboard, e.g., such as may
be provided via a personal fitness website such as fitbit.com
or via an app associated with the user’s smartphone or tablet,
presented via a computational device. In some embodiments,
the fitness monitoring device interacts with the user by mov-
ing with respect to the user (e.g., toward or away from the user
to encourage a type of engagement with the user). Further
examples of such interactions are presented elsewhere herein.

One example of a fitness monitoring device is a Fitbit
Aria™ body weight scale, which is shown in FIG. 2. The
Aria™ is capable of turning on when a user steps on it,
measuring the user’s weight and body fat percentage, deter-
mining which person among a pool of people that are regis-
tered with the scale is associated with the measurements, and
then uploading the measurements to a central server, e.g.,
fitbit.com, in association with that person.

The various methods and techniques disclosed herein may
be implemented through execution of one or more a
sequences of instructions, e.g., software programs, by the
processing unit 106 or by a custom-built hardware ASIC
(application-specific integrated circuit) or programmed into a
programmable hardware device such as an FPGA (field-pro-
grammable gate array), or any combination thereof within or
external to the processing unit 106. In addition to a fitness
monitoring device such as that described in FIG. 1, a remote
computing system, e.g., a server, cloud-based service pro-
vider, or other computing system, may be used to implement
portions of the various techniques described herein. For
example, a fitness monitoring device may only store a limited
quantity of fitness parameter data, and historical fitness
parameter data may be maintained in a cloud storage envi-
ronment—in order to calculate some of the metrics discussed
herein, it may be necessary to access the historical fitness
parameter data and analyze it, which may be more conve-
niently performed by a portion of the cloud storage environ-
ment, e.g., cloud processing.

Further implementations of fitness monitoring devices can
be found in U.S. patent application Ser. No. 13/156,304, titled
“Portable Biometric Monitoring Devices and Methods of
Operating Same” filed Jun. 8, 2011, which is hereby incor-
porated herein by reference in its entirety.

FIG. 4 depicts a flow diagram for a technique for determin-
ing how engaged a person is with a fitness monitoring device.
The technique 400 begins in block 402, where data regarding
user engagement with a fitness monitoring device for a par-
ticular person may be collected. Such data may be mined
from existing data sources, e.g., historical fitness parameter
data may be analyzed to determine past user engagement with
the fitness monitoring device.

For example, weight measurement data obtained by a body
weight scale may be filtered such that only data for a particu-
lar person is considered, and then the timestamps of each
measurement may be reviewed to see on which days that
person used the body weight scale.

In block 404, a level of engagement metric may be deter-
mined for the particular person based on user engagement
data obtained in block 402. There may be many ways of
determining a level of engagement metric, and such metrics
may take a number of forms, all of which are to be recognized
as falling within the scope of this disclosure. Generally speak-
ing, as discussed above, a level of engagement metric indi-
cates, in some quantifiable manner, the level of engagement
of a person with a fitness monitoring device. The level of
engagement metric is not to be confused with other metrics,
e.g., the actual fitness parameter or parameters that are mea-
sured by the fitness monitoring device.
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Various examples of level of engagement metric determi-
nation are discussed further with reference to some of the
following Figures. A level of engagement metric may be
normalized, e.g., ranging between 0 and 1, to allow the level
of engagement metric to be compared across a population of
users and to allow for more meaningful data comparisons to
be made. In other implementations, the level of engagement
metric may be absolute, e.g., a constantly incremented score
that reflects all user engagements with a fitness monitoring
device over the lifetime of the fitness monitoring device. In
some implementations, multiple types oflevel of engagement
metrics for a person with respect to a fitness monitoring
device may be determined and tracked simultaneously and
used for different purposes.

Generally speaking, the use of “receive” with respect to a
level of engagement metric (or other parameter/metric dis-
cussed herein) may refer to both the receipt of such data from
aremote source, e.g., from a server remote from the device or
system receiving the data, or may refer to local determination
of the data, e.g., a determination of such data within the
device or system receiving the data, unless otherwise indi-
cated by the context of the term.

In block 406, a determination may be made based on the
level of engagement metric as to whether or not a notification
with information designed to encourage increased user
engagement with the fitness monitoring device by the person
is to be generated. The determination may, for example, be
that the level of engagement metric is too low (as compared
with a level of engagement metric that is correlated with
increased user health), and that increasing user engagement
with the fitness monitoring device may cause a concomitant
increase in user health. In other scenarios, however, the per-
son may have a level of engagement metric that indicates that
increased user engagement may have little effect (for
example, a person who is already monitoring their weight on
a daily basis may derive little benefit from weighing them-
selves on a more-than-daily basis), and a notification may not
be generated. In some such scenarios, however, it may be
determined that a notification should still be generated in
order to encourage the person to maintain the level of user
engagement with the fitness monitoring device that they cur-
rently have. If it is determined in block 406 that no notifica-
tion is to be generated, the technique may return to block 402.
If it is determined in block 406 that a notification is to be
generated, such a notification may be generated in block 408
and the technique may then return to block 402.

Such notifications may take any of a number of forms. In
some implementations, the notification may take the form of
a virtual “badge” or “achievement” that is awarded to the
person when the person reaches a predetermined level of
engagement metric value. For example, if the level of engage-
ment metric indicates that the person has used the fitness
monitoring device at least once on each of 30 consecutive
days, the notification may take the form of a badge that
indicates that the person has completed a “1 month streak!” or
other such achievement (for example, engaging with a fitness
monitoring device on each of predetermined number, e.g., 5,
10, 20, 30, etc.) of consecutive time periods (e.g., days,
weeks, months, years). Having received such an achievement,
the person may then be motivated to attempt to achieve
another such achievement (or to attempt to achieve achieve-
ments having higher requirements for being earned). In the
case of badge or achievement notifications, the notification
may be designed to indirectly encourage increased user
engagement on behalf of the person by rewarding increased
engagement, i.e., rewarding positive behavior.
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In other implementations, the notification may be designed
to more directly encourage the person to increase their user
engagement with the fitness monitoring device. For example,
the notification may take the form of a message that is sent to
the user, e.g., via their smartphone, email, social networking
account, or the fitness monitoring device itself, that suggests
to the person that they use the fitness monitoring device to
obtain a fitness parameter measurement using the fitness
monitoring device. Such a message may be congratulatory (to
recognize positive behavioral choices) or castigatory or taunt-
ing (to recognize poor behavioral choices). In some imple-
mentations, the notification may additionally or alternatively
be sent to a third party that is associated with the person, e.g.,
aparent, spouse, or friend (the person may designate the third
party). For example, the notification may be a message such
as “Adam hasn’t weighed himself in the last 3 days, can you
please remind him to do so?” that is sent to Adam’s mother.
This may prompt Adam’s mother to call or email her son and
encourage him to use the fitness monitoring device. In this
manner, the notification may be designed to be conducive to
triggering peer pressure on the person to improve their user
engagement with the fitness monitoring device.

Another variant of a notification that is designed to encour-
age increased user engagement with a fitness monitoring
device through peer pressure may utilize a message that is
posted to a publicly-accessible (at least, accessible to one or
more peers of the person) area of a social networking website
(or other public forum, e.g., Twitter) such that peers of the
person may see the message. The person’s peers may, as is
often human nature, provide encouragement to the person to
increase their user engagement with the fitness monitoring
device. Such encouragement may, of course, take a variety of
forms, depending on the nature of the person’s peers—it may
range from positive reinforcement to good-natured mockery
to outright scolding. Typically, a person’s peers will have a
better sense of what sort of repartee is most effective in
getting the person to change their behavior than may be
deduced by an automated system. Moreover, the person is
more likely to give weight to a peer’s suggestions/encourage-
ment than to suggestions/encouragement that is provided by
an automated system.

The system may be configured to allow a person to specify
the media through which notations may be delivered, e.g., the
person may instruct the system to provide notifications
through Facebook postings since they will be publicly visible
to friends of the person, and the person knows that the only
way they will be motivated to engage more frequently with a
fitness monitoring device is if there is the threat of their
friends witnessing their failure to do so.

In some implementations, the notification may be deliv-
ered, at least in part, in by a video game system played by the
person. For example, the person may be a user of Xbox
Live™, which features avatars for each user that may be
customized with costumes, clothes, and accessories. A noti-
fication may take the form of a new set of clothes or a costume
that is unlocked for use with the avatar; the person may be
motivated to continue to engage with the fitness monitoring
device in the hopes of receiving further such “unlockable”
video game console assets. In some such implementations,
the notification may be delivered as virtual currency, items,
equipment, or other assets to be used in an actual video game.
For example, a person who uses a video game system to play
sports games that involve actual movement by the player, e.g.,
such as the Nintendo Wii™ or the Xbox 360 Kinect™, may
receive an extra mini-game as a form of notification. Such
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gaming-oriented notification options may also be applied to
non-console environments, e.g., to avatars on a social net-
working site.

In some implementations, the notification may be provided
in conjunction with a communication from another system,
such as an alarm clock. For example, in some implementa-
tions discussed later below, a fitness monitoring device may
either serve as an alarm clock or communicate with a device
serving as an alarm clock, e.g., a smartphone. When the alarm
clock alarm goes off; the fitness monitoring device may cause
the alarm clock alarm to remain on until the person has
measured a fitness parameter on the fitness monitoring device
if the level of engagement metric indicates that a notification
is to be generated. Thus, the fact that the alarm does not turn
off until the person weighs themselves may serve as the
notification (the alarm would be triggered regardless of the
level of engagement metric, but the level of engagement
metric may determine how the alarm may be turned off).

In some other implementations, the notification may be
provided through other mechanisms. For example, in one
example discussed below, a fitness monitoring device such as
a body weight scale may have some locomotive mechanism
for moving the fitness monitoring device around, e.g., wheels
on the underside, and a suite of sensors that allows the fitness
monitoring device to determine when a person or, in some
implementations, a particular person is in close proximity,
e.g., in the same room, within a certain distance, visible to
sensors on the fitness monitoring device, etc., to the fitness
monitoring device. If the level of engagement metric for that
person (or for a person associated with the fitness monitoring
device) results in a notification being generated, the notifica-
tion may cause the locomotive mechanism to move the fitness
monitoring device towards the person. The present inventors
have realized that a fitness monitoring device, e.g., a body
weight scale, that moves towards a person may be much more
difficult for the person to ignore, especially if combined with
other forms of notification discussed elsewhere in this disclo-
sure.

In various implementations, the notification may ulti-
mately be provided using any of a variety of output mecha-
nisms, i.e. notification mechanisms. In some implementa-
tions, the notification may include nothing more than a light
on the fitness monitoring device that blinks intermittently
when a person associated with the fitness monitoring device
has a level of engagement metric that causes a notification to
be generated. In other additional or alternative implementa-
tions, the notification may include other visual feedback, e.g.,
graphics, text on a display, etc.; audio feedback, e.g., melo-
dies, speech, sound effects, etc.; tactile feedback, e.g., vibra-
tion, mild electric shock, etc.; electromagnetic signals to
other devices to cause those other devices to provide feedback
perceptible to the person, e.g., signals sent to smartphones,
laptops, desktops, tablets, other fitness monitoring devices,
etc.; and other forms of communicating with the person.

Generally speaking, while some of the notifications dis-
cussed herein may not be discussed as being implemented in
conjunction with other types of notifications disclosed herein,
the various notifications discussed herein may, generally
speaking, be implemented in combination with one or more
other types of notifications.

As discussed above, a level of engagement metric may be
calculated in a number of ways, and there may be multiple
level of engagement metrics, each calculated using a different
technique and used in a different way in order to determine
whether or not a notification is to be generated (or for some
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other purpose). Some example techniques for calculating a
level of engagement metric are discussed with reference to
FIGS. 5 through 8 below.

FIG. 5 depicts a flow diagram of one technique for deter-
mining alevel of engagement metric. In FIG. 5, technique 500
begins in block 502 with the determination of a user engage-
ment interval. The user engagement interval may be the
smallest unit of time for which it may be desirable to deter-
mine if user engagement with a fitness monitoring device has
occurred. For example, in a study conducted by the present
inventors and discussed later below, the user engagement
interval was a day. The data for each user was then evaluated
to determine on how many of those days the user used the
body weight scale to obtain a weight measurement. Other
user engagement intervals may also be used, e.g., weeks or
half-days, depending on which engagement intervals appear
to produce level of engagement metrics that are most indica-
tive of a person’s actual engagement with a fitness monitoring
device.

In block 504, the total number N of engagement intervals
(counting backwards from the current engagement interval)
forwhich a level of engagement metric is to be calculated may
be determined. In some implementations, the number N may
equal the number of engagement intervals that has elapsed
since the fitness monitoring device was first activated, i.e., the
total lifespan thus far of the fitness monitoring device. For
example, if a fitness monitoring product was first activated by
aperson 421 days ago, for example, by configuring the fitness
monitoring product such that data from the fitness monitoring
product is associated with that person, then N may be 421 if
the engagement interval is 1 day. In other implementations,
however, the number N may be set to a value other than the
entire lifespan of the fitness monitoring device. For example,
N may be 28 and the engagement interval may be 1 day, which
would result in level of engagement metric thatis based onthe
last 4 weeks of potential user engagements with the fitness
monitoring device.

After determining the total number N of engagement inter-
vals for which the level of engagement metric is to be calcu-
lated, the number of those N engagement intervals in which
user engagement with the fitness monitoring device actually
occurred may be tallied up in block 506. In block 508, the
number of the N engagement intervals in which any actual
user engagement with the fitness monitoring device occurred
may be divided by N. Thus, for example, if a person measured
themselves with a body weight scale once a day on 10 days
with N=28 days, twice a day on 5 other days of the 28 days,
then the level of engagement metric for this example may be
(5410)/28="54% (in this technique, it does not matter how
often a person weighs themselves within a given engagement
interval beyond the first weighing).

FIG. 6 depicts a flow diagram of another technique for
determining a level of engagement metric. In FIG. 6, the
technique 600 begins in blocks 602 and 604 with, as in tech-
nique 500, the determination of an engagement interval and
the number of engagement intervals that will be used to
determine the level of engagement metric, respectively. In
block 606, however, the technique may differ somewhat from
the technique 500 in that the total number of user engage-
ments with the fitness monitoring device over the N engage-
ment intervals may be tallied up and then, in block 608,
divided by N. Thus, using the previous example, the total
number of user engagements with the fitness monitoring
device over the N=28 days period is 10*1+5%2=20, and the
level of engagement metric may thus be calculated as being
~71% (in some implementations, the total number of user
engagements within the N engagement intervals may not be
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divided by N at all—N may simply act to limit the number of
engagement intervals that are considered). In this scenario,
the level of engagement metric may exceed 100% if a person
weighs themselves more than N times within the measure-
ment period. In some alternative implementations, the con-
tribution of user engagements beyond the first user engage-
ment with a fitness monitoring device within a given
engagement interval to the level of engagement metric may be
adjusted, e.g., discounted or capped. For example, each user
engagement first with a fitness monitoring device beyond the
first in any given engagement interval may be treated as
having half as much influence as the first user engagement on
the level of engagement metric. In some additional or alter-
native such implementations, there may be a cap on how
many user engagements within a given engagement interval
may contribute to the calculation of the level of engagement
metric. For example, instances of user engagement with a
fitness monitoring device beyond the first, second, and third
user engagements within a given engagement interval may
simply be ignored when it comes to determining the level of
engagement metric. Such capping may be combined with the
above-described discounting.

FIG. 7 depicts a flow diagram of a technique for determin-
ing a level of engagement metric that utilizes a weighted
contribution paradigm. In FIG. 7, technique 700 begins in
block 702 with the determination of a user engagement inter-
val. In block 704, sub-intervals of the engagement intervals
may be determined. For example, if the engagement interval
is determined to be 1 week, the sub-intervals may be deter-
mined to be Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday, and Sunday. In block 706, weighting factors for
each of the sub-intervals may be determined. For example,
the contribution of user engagements with a fitness monitor-
ing device on weekdays may be weighted as having a weight-
ing factor of 1.0, whereas user engagements with the fitness
monitoring device on weekends may be weighted as having a
weighting factor of 0.5.

In block 708, the number N of engagement intervals for
which a level of engagement metric is to be calculated may be
determined. The number N may, in some implementations,
begin, end, or begin and end with partial engagement inter-
vals, e.g., the engagement interval may be a calendar week
spanning from Monday through Sunday, but the first engage-
ment interval may only include Thursday through Sunday,
and the final engagement interval may only include Monday
through Tuesday. Thus, N may not be a whole number.

In block 710, a first weighted total may be calculated by
summing the weighting for each instance of each instance of
a sub-interval within the N engagement intervals. For
example, if the week-long engagement interval discussed
above is used and there are 4 engagement intervals that will be
used to calculate the level of engagement metric (assume, for
this example, that the engagement intervals are not frac-
tional), then the first weighted total may be calculated as 4
engagement intervals*[(1+14+14+14+1), 0101 weighangs+(0-5+
0.5 cotona weightin, gs]:4 *6=24.

In block 712, a similar calculation may be performed for
sub-intervals where user engagement occurred in order to
determine a second weighted total. For example, in the sce-
nario discussed in the previous paragraph, assume that the
person weighed themselves at least once during each sub-
interval, with the exception of every Thursday and two of the
four Saturdays. In such a scenario, the second weighted total
may be calculated as 2 engagement intervals*[(1+1+
l+0+l)weekday weighﬁngs+(0+0'5)weekend weight'[ngs]+2 engage-
ment intervals*[(1+1+140+1),, 1.z, +(0.5+
0.5 ccrend weightings)=2*4.5+2*5=19.
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In some implementations, the weighting may be deter-
mined based on time periods other than that of the engage-
ment interval. For example, winter months may see a natural
decline in active behavior (due to inclement weather) over
summer months, and user engagements with a fitness moni-
toring device such as a body weight scale in winter months
may be weighted more strongly than user engagements with
the fitness monitoring device during summer months since
such user engagements may indicate that the person is still
very interested in their body weight during periods of time
when they may not be exercising at their normal levels.

In block 714, the level of engagement metric may be deter-
mined by dividing the second weighted total by the first
weighted total, e.g., 19/24="79%.

It is to be understood that other weighting systems may be
used as well, including weightings that are tied to real-world
events, e.g., a sub-interval that happens to correlate with a
holiday may have a weighting that is adjusted lower than
other sub-intervals that otherwise correspond to non-holi-
days. In other or additional implementations, weightings may
be adjusted for sub-intervals for various reasons, some of
which may be specific to a particular user. For example, if a
person who uses a fitness monitoring device has a smartphone
that may communicate with the fitness monitoring device (or
with a server that may be in communication with the fitness
monitoring device and that may calculate the level of engage-
ment metric), data from the smartphone, which may have
GPS or other location-determination technology, may be
used to identify specific sub-intervals where the person may
not have been physically able to engage with the fitness moni-
toring device. For example, if the fitness monitoring device is
a body weight scale located in the person’s home, GPS data
from the person’s smartphone (or other device) may indicate
that the person was in another city for 4 consecutive sub-
intervals, e.g., on a business trip, and may adjust the weight-
ings for those specific sub-intervals such that the failure to
engage with the fitness monitoring device during those sub-
intervals has a reduced impact on the level of engagement
metric. Alternatively, the lack of user engagement in such
sub-intervals may simply be ignored in calculating the level
of engagement metric (for example, if a 28-day period is
evaluated, and it is determined that on days 11-14 of the
period, the person was out-of-town and physically unable to
engage with a fitness monitoring device, the period may be
extended to 32 days and days 11-14 may be ignored).

In some other weighting implementations, data specific to
a particular person other than location data (or in conjunction
with location data) may be used to adjust weightings for user
engagements. For example, if the system that determines
level of engagement metrics for the person has access to the
person’s personal calendar, it may be determined whether or
not the person was very busy during a particular sub-interval
(based on the degree to which that sub-interval is occupied
with scheduled events). If the person is very busy during a
given sub-interval, then the weighting for the user engage-
ment for that sub-interval may be adjusted such that a user
engagement for that sub-interval has a greater weight (this is
appropriate since the person, despite the busy schedule, still
took time to use the fitness monitoring device during that
sub-interval, demonstrating a higher degree of engagement
than might otherwise be expected) than for similar sub-inter-
vals where the person is not very busy.

In some implementations, other information may be fac-
tored into a weighting system for determining level of
engagement metrics. For example, it may be desirable for a
person tracking weight history to take daily measurements of
their weight using a fitness monitoring device such as a body
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weight scale at the same time of day. Accordingly, within each
sub-interval, there may be sub-partitions, e.g., a sub-interval
with a length corresponding with one day may have 24 one-
hour sub-partitions. The weighting for a particular subinter-
val’s user engagement may depend on in which
sub-partition(s) of the sub-interval a user engagement
occurred. For example, auser engagement with a body weight
scale in the 6:00 AM to 8:00 AM sub-partition for a give n
subinterval may be weighted higher than a user engagement
with the body weight scale that occurs in the 12:00 AM to
6:00 AM and 8:00 AM to 12:00 PM sub-partitions. Thus, the
level of engagement metric in this scenario may also incor-
porate not only the frequency of the user engagement with the
fitness monitoring device, but may also incorporate an aspect
of data quality (without necessarily referencing the fitness
parameters actually measured using the fitness monitoring
device).

Other factors that may be used to determine weightings for
a given subinterval may include, for example, the weather
during a given subinterval, the location where the fitness
monitoring device is located, etc.

FIG. 8 depicts a flow diagram of another technique for
determining a level of engagement metric that utilizes a
weighted contribution paradigm. In FIG. 8, technique 800
begins, as with techniques 500 through 700, with a determi-
nation of an engagement interval in block 802. In block 804,
the number N of engagement intervals that will be used to
determine a level of engagement metric may be determined.
In block 806, a user engagement score X, may be determined
(this may, for example, be as simple as a 1 if there was user
engagement in the engagement interval and 0 if there was not;
in some implementations, the user engagement score may be
more nuanced, e.g., indicating the number of user engage-
ments within the engagement interval or other information)
for each engagement interval. In block 808, a moving average
coefficient o may be determined, where O=a<1; higher values
of'a may emphasize more recent user engagements over less
recent user engagements. The moving average coefficient o
may be calculated or determined and then kept fixed for a
large number of level of engagement metric determinations.
After a moving average coefficient is determined in block
808, a weighted level of engagement metric y,, may be deter-
mined according t0 y,=oX+(1 -y -

In addition to being influenced by the frequency of a per-
son’s actual user engagement with a fitness monitoring
device, the level of engagement metric may also be deter-
mined such that other factors may influence the metric. Such
other factors may be separate from the frequency of user
engagement, but may nonetheless correlate strongly with the
person being “engaged” with the fitness monitoring device.
For example, a person’s social networking posts, e.g., Twitter
posts or Facebook posts, email, text messages, or other com-
munications accessible to a server that determines a level of
engagement metric may be used to adjust a level of engage-
ment metric upwards if text analysis of such posts, email,
texts, or other communications indicates that the person men-
tions the fitness monitoring device frequently, or is generally
concerned with a fitness parameter that the fitness monitoring
device measures. For example, if a person does not engage
with a body weight scale fitness monitoring device on a
particular day, but mentions the body weight scale or losing
weight in an email to a friend on that day, it may indicate that
the person is, while not using the body weight scale that day,
at least thinking about it or about a fitness parameter that it
measures.

Another factor that may be used to adjust a level of engage-
ment metric (in addition to frequency of user engagement) is
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whether or not the person owns/uses another fitness monitor-
ing device. For example, a person who owns a wearable
activity tracker in addition to using a body weight scale may
be viewed as being more engaged with the body weight scale
(or with their health in general). Other factors that may cause
an upwards adjustment in a persons’ level of engagement
metric may include obtaining a gym membership, enrolling in
a fitness program, playing fitness-oriented games on video
consoles, enrolling in fitness-related events such as 5K walks
or races, frequent logging of foods consumed and types of
food consumed, e.g., via Fitbit’s website, the activity levels of
friends of the person, etc.

The level of engagement metric for a person may be further
adjusted based on, for example, demographic characteristics
of the person, e.g., age group, gender, lifestyle (sedentary v.
highly-active, physical tradesperson v. office worker, etc.),
etc., that allow various people in the sample set to be clustered
into groups. If certain groups exhibit certain tendencies, e.g.,
some groups may never be home on weekends, the level of
engagement metric may be adjusted to ignore or place very
little weight on certain intervals, e.g., subintervals falling on
a weekend.

It is to be understood that the techniques discussed herein
may also, in some implementations, be practiced without the
specific temporal demarcations used herein, i.e., “engage-
ment intervals” and/or “sub-intervals.” For example, instead
of engagement intervals with weighted sub-intervals, each
engagement interval may be individually weighted (in this
example, no sub-intervals may be needed). In the case of
“lifetime” level of engagement metrics, there may be only one
engagement interval that is coextensive with the current
lifespan of the fitness monitoring device (or at least of the
person’s association with the fitness monitoring device).

In variant of the technique of FIG. 5, the present inventors
performed a post-hoc analysis on 10,000 users of the Fitbit
Aria™, a consumer Wi-Fi scale released in May of 2012 that
automatically identifies a user from a pool users who may
share the same body weight scale based on their weight and
then uploads their weight to a cloud-based storage system.
Users were subsampled to ensure an equal fraction of males
and females. The median age in the sample was 40 years old,
and the 1st, 2nd, and 3rd quartiles of baseline weight were
(177, 200, 229 1bs) and (134, 154, 185 Ibs) for males and
females, respectively. 6,742 of the sample users also owned a
Fitbit accelerometer-based activity tracker, e.g., a Fitbit
Ultra™, Classic™, Zip™, One™, or Flex™. The present
inventors also statistically corrected for seasonal variation in
user weight by sampling an equal number of users with start
dates in each month of the year. Weight loss was examined on
an absolute and relative basis and compared against user
engagement with the Aria™ scale as indicated by the fre-
quency with which each user utilized the scale and the own-
ership and/or use (or lack thereof) of an activity tracker.

The present inventors discovered that users lost an average
013.00£0.19 1b (1.46+0.09%) in the first 60 days of usage.
Subjects that weighed themselves daily lost an average of
6.69£1.03 b (3.26+£0.48%). In contrast, subjects that
weighed themselves once a week lost 1.44x035 1b
(0.64+0.16%). The present inventors also determined that
users that used a Fitbit activity tracker in addition to the Aria
scale lost more weight than users that just used a scale
(3.51+0.25 1b versus 2.610.29 Ib, p<0.00077).

The present inventors have discovered that the facultative
use of voluntary, unprompted, consumer weight scales,
accounting for seasonal variation, leads to significant weight
loss on the order of 3.001b over 60 days of usage. The present
inventors have also determined that frequent voluntary
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weighing, as opposed to frequent weighing at the behest of'a
third party, is highly correlated with weight loss, with daily
weighers losing roughly 4.5 times more than weekly weigh-
ers. Furthermore, the present inventors have also discovered
that, as a secondary effect, the usage of an activity tracker in
addition to a body weight scale correlated to more weight loss
than for subjects who did not use one.

The level of engagement metric may also be used to present
a statistical measure of the impact of a particular notification
on the level of engagement metric for a person (or on fitness
parameters associated with the person).

For example, using data from a population of users, the
process may calculate a standard score such as a z-score,
which shows whether some aspect of the user’s fitness (or
level of engagement metric) has improved in a statistically
significant manner.

These statistical measures may represent how the user has
changed his or her behavior in response to using or owning the
biometric monitoring device. In one example, the metric is
based on a statistical hypothesis test such as z-test and/or
t-test applied to a weight measurement and/or weight chang-
ing trend before and after owning an activity tracker. The tests
can be applied on the weight measurements and/or weight
changing trend before and after the user interacts via various
user interactions methods.

For example, a level of engagement metric for a person
over two 30-day windows bracketing the use of a particular
type of notification may be evaluated. The first set may con-
sist of 30 user engagement samples from 30 days before the
notification, and the second set may consist of 30 user
engagement samples from 30 days after the notification. A
two sample z-test (or t-test) may be performed to see if the two
sample groups are drawn from different distributions, for-
mally, first group "N(u,, 2) and second group "N(u,, 2) with
the null hypothesis as p,=|1,, and alternative is p, !=,.

If the statistical test fails to reject the null, this may be
interpreted as indicating that the notification was ineffective
in producing a change in user engagement. If the statistical
test succeeds and rejects the null, then that may be interpreted
as indicating that the notification was effective in causing the
person to change their engagement level—such a technique
may be used to determine which types of notifications are
most effective at influencing a particular person’s behavior.

Such an approach may also be used with other data types,
e.g., fitness parameter data such as steps taken per day, stairs
climbed, etc., and may also be applied to other data such as
calorie intake before/after a notification.

As discussed previously, based on a level of engagement
metric determined using any of the techniques described
herein, a determination may be made as to whether or not to
generate a notification designed to encourage user engage-
ment with the fitness monitoring device. Such a determina-
tion may be based on the level of engagement metric indicat-
ing, for example, that a person’s level of engagement metric
over the last month was lower than a predetermined or calcu-
lated ideal, e.g., the average level of engagement metric for
other people with lower average weight than the person or that
may, on average, have lost more weight than the person within
the same time period.

In addition to the various techniques discussed in detail
above for determining a level of engagement metric for a
person, several techniques for encouraging increased user
engagement are discussed in detail below. Encouraging
increased user engagement may be warranted when the level
of' engagement metric falls below a certain level for a person,
e.g., indicating less than 1 user engagement per day on aver-
age over the previous month.
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FIG. 9 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device. In FIG. 9, technique 900 starts in block 902 with the
determination of an engagement interval, e.g., a day, a week,
etc. In block 904, the number M of the most recent consecu-
tive engagement intervals in which there was actually user
engagement with a fitness monitoring device may be deter-
mined. For example, if a person used the fitness monitoring
device at least once a day for the last five days (but not on the
sixth day), then M=5.

Inblock 906, a determination may be made as to whether or
not M correlates with a predefined number of consecutive
engagement intervals associated with a particular user
achievement, e.g., a “1 week of streak” badge that indicates
that the person weighed themselves on a body weight scale
every day for a week (7 days). If the determination in block
906 is that M correlates with the predefined number of con-
secutive engagement intervals, then the technique may con-
tinue to block 908, where a message or other communication
indicating the user achievement may be generated; the mes-
sage or other communication indicating the achievement may
serve as a notification, as discussed previously. After block
908 is complete, the technique may return to block 904 (after
performing any re-sets to avoid a multiple-award scenario in
which the user obtains multiple achievements/badges).

If it is determined in block 906 that M does not correspond
with the predefined number of consecutive engagement inter-
vals associated with the particular user achievement, the tech-
nique may proceed to block 910, where a further determina-
tion may be made as to whether or not M is approaching, i.e.,
in close proximity to, a predefined number of consecutive
engagement intervals. For example, if M=5 and the pre-
defined number of consecutive engagement intervals is 7,
then M may be within two units of the predefined number
(which may be, in this example, in close proximity to the
predefined number), and the technique may proceed to block
912, where a notification may be generated that includes
information that may indicate that the person is getting close
to the achievement, e.g., a message stating “You’ve weighed
yourself 5 days in a row! Great job! Only two more days to go
before you get the ‘1 Week Streak” badge! Don’t slack off!”
After block 912, the technique may return to block 904 (as it
may if M is not determined to be approaching the predefined
number of consecutive engagement intervals).

FIG. 10 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device that involves combining the fitness monitoring device
with alarm clock functionality.

In FIG. 10, technique 1000 begins in block 1002 with the
receipt of an alarm clock wake time. The technique may
continue in block 1004, where the current time may be
obtained. After obtaining the current time, the technique may
continue to block 1006 where a determination may be made
as to whether or not the current time equals the alarm clock
wake time. If it is determined in block 1006 that the current
time does not equal the alarm clock wake time, then the
technique may return to block 1004. If it is determined in
block 1006 that the current time equals the alarm clock wake
time, then the technique may continue to block 1008, where
an alarm clock alarm may be indicated, e.g., through the use
of'a buzzer, vibramotor, chime, lights, etc. The alarm may be
emitted by a fitness monitoring device, or by another device,
e.g., a stand-alone alarm clock or by a smartphone having an
appropriate app loaded. The technique may proceed to block
1010, where a determination may be made as to whether or
not a fitness monitoring device has indicated user engagement
after the triggering of the alarm. Ifblock 1010 determines that
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the person has engaged with the fitness monitoring device,
then the technique may proceed to block 1012, where the
alarm may be turned off. If block 1010 determines that the
person has not engaged with the fitness monitoring device,
then the technique may return to block 1008 and continue to
indicate the wake alarm.

In some implementations, the technique 1000 may take
into account a level of engagement metric in order to deter-
mine if the person must engage with the fitness monitoring
device, e.g.,abody weight scale, in order to shut off the alarm.
For example, an app on a smartphone may provide the alarm
clock functionality. The app may, when the alarm goes off,
query a server (or other resource) to determine if the level of
engagement metric associated with a person, e.g., the owner
of'the smartphone, is at or above a desired level. If so, then the
smartphone app may allow the person to turn off the alarm
without engaging with the fitness monitoring device. If not,
then the smartphone app may be configured such that it will
not turn off until it receives a confirmation from the fitness
monitoring device, either directly or via an intermediary such
as a server, that the person has engaged with the fitness
monitoring device.

FIG. 11 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device that involves combining the fitness monitoring device
with a proximity detection system.

In FIG. 11, technique 1100 begins in block 1102, where
one or more sensors that may detect the proximity of a person
to a fitness monitoring device, e.g., a body weight scale, may
be monitored. The one or more sensors may be located in the
fitness monitoring device and may, for example, include
motion sensors configured to detect the person’s movement,
microphones configured to detect sounds such as footsteps or
speech, cameras configured to detect visual or IR signatures
of'the person, CO2 sensors or particle counters configured to
detect exhalations of a person, RF sensors configured to
detect the signal strength of a smartphone or another fitness
monitoring device worn by the person, etc.

Inblock 1104, a determination may be made as to whether
the sensors indicate that the person is nearby. Such a deter-
mination may be made through any of a variety of measures,
including facial recognition via camera, identification of a
paired electronic device such as a smartphone that is close
enough that the fitness monitoring device can determine from
the signal received from the paired electronic device the iden-
tity of the person (and their approximate range by the signal
strength of that signal), etc. If it is not determined in block
1104 that the person is nearby, the technique may return to
block 1102. Otherwise, the technique may continue to block
1106, where a further determination may be made as to
whether or not the person is associated with a level of engage-
ment metric that indicates that the user should be encouraged
to engage with the fitness monitoring device. In some imple-
mentations, this may be based on a level of engagement
metric that indicates whether or not the person has engaged
with the fitness monitoring device at all during the present
engagement interval (in implementations where the sensor
can determine proximity but not identity, e.g., when a micro-
phone is used to detect footsteps, this determination may be
more general, e.g., has any person associated with the fitness
monitoring device not yet engaged with the fitness monitor-
ing device).

If it is determined in block 1106 that encouraging user
engagement is unnecessary, the technique may return to block
1102. If, however, it is determined in block 1106 that encour-
aging user engagement is necessary or recommended, then a
notification may be generated in block 1108 that is designed
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to encourage user engagement by the person. For example,
the fitness monitoring device may start flashing a super-bright
LED, emit a melody, or otherwise draw attention to itself.

After generating the notification in block 1108, the tech-
nique may proceed to block 1110, where a determination may
be made as to whether the fitness monitoring device has
indicated that user engagement has occurred. If not, then the
technique may return to block 1102 (allowing the notification
to be turned off if the person is no longer nearby). If so, then
the technique may proceed to block 1112, where the level of
engagement metric may be updated to reflect that user
engagement has occurred. The technique may then return to
block 1102. In this manner, the fitness monitoring device may
actively monitor for nearby potential users and, if conditions,
e.g., the level of engagement metric, warrant, attempt to
attract the potential user’s attention and provoke a user
engagement with the fitness monitoring device.

FIG. 12 depicts a flow diagram of a technique for encour-
aging increased user engagement with a fitness monitoring
device that involves combining the fitness monitoring device
with a proximity detection system and a locomotive mecha-
nism.

In FIG. 12, technique 1200 may begin in a similar manner
to technique 1100, i.e., blocks 1202, 1204, and 1206 may
generally correspond to the steps taken in blocks 1102, 1104,
and 1106. If it is determined in block 1206 that the level of
engagement metric indicates that user engagement should be
encouraged, the technique may proceed to block 1208, where
the location of (or heading pointing towards) the person
detected in block 1204 may be determined. After determining
the location of the person in block 1208, the technique may
proceed to block 1210, where the fitness monitoring device
may be caused to move towards the person. For example, the
fitness monitoring device may be equipped with wheels,
treads, or other locomotive mechanism allowing it to move
across the floor and navigate a room. The fitness monitoring
device may be configured to perform rudimentary movement,
e.g., a single, straight-line movement towards a person, or
may be configured to be more aggressive, e.g., following the
person around the room. In some implementations, the fitness
monitoring device may move away from the person, or in
some other direction. For example, if a fitness monitoring
device that has a locomotive mechanism as described above,
such as a body weight scale, is combined with a fitness moni-
toring device that has an alarm clock functionality (as also
described above), it may be desirable to have the fitness
monitoring device not only provide the alarm functionality
but also move away from the person at the same time, forcing
the person to walk to the fitness monitoring device in order to
weigh themselves and thereby turn off the alarm.

The technique may then proceed to block 1212, in which a
notification may be generated. In some implementations, the
movement of the fitness monitoring device may serve as the
notification (for example, the mere fact that a body weight
scale is following a person around a room may serve as a
reminder and/or encouragement for the person to weigh
themselves). In other implementations, in addition to move-
ment, the fitness monitoring device may also utilize other
mechanisms for notifying the person that they should weigh
themselves, e.g., light, sound, etc.

Inblock 1214, a determination may be made as to whether
the fitness monitoring device has indicated that user engage-
ment has occurred. If not, then the technique may return to
block 1202. If so, then the technique may proceed to block
1216, where the level of engagement metric may be updated
to reflect that user engagement has occurred. The technique
may then return to block 1202. In this manner, the fitness
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monitoring device may actively monitor for nearby potential
users and, if conditions, e.g., the level of engagement metric,
warrant, attempt to attract the potential user’s attention and
provoke a user engagement with the fitness monitoring
device.

It is to be understood that aspects of the techniques
described herein, e.g., the calculations used to determine the
level of engagement metric, the determination of whether to
generate anotification (and what form that notification should
take, etc.), may be adjusted over time via a learning algorithm
(e.g., neural network). Neural networks are particularly adept
atlearning and improving interactions with users (whether by
notifications or otherwise). Connections between nodes
within the network are strengthened or weakened based on
inputs received over time. Interactions that improve a user’s
health or increase the user’s level of engagement may be
recommended more strongly as the neural network gains
experience.

For example, the data collected may show that a specific
notification and/or notification mechanism, e.g., flashing
LEDs on the fitness monitoring device, has a stronger effect
on changing a specific person’s behavior; the techniques may
then adjust to emphasize notifications provided in this way.

Devices implementing the techniques discussed herein
may also use information and data from other users, internet
sources, academic papers, etc. to learn how to function and
adapt their behavior. Thus, such devices will be able to learn
from the individual user, from every other user using similar
devices, and also from the larger body of information avail-
able via the internet. For example, such devices may learn
what intervention patterns have worked for similar users in
the past or in clinical studies, and use this information to
determine how to interact with a new user.

In some implementations, the fitness monitoring device
may learn to use different interactions (e.g., tones of voice)
based on the time of day, the day of week, and the season.
Additionally, the fitness monitoring device may learn the
preferred language, dialect, or accent of the user to better
communicate with them.

In another implementation, the fitness monitoring device
may learn how to best serve a specific user based on their
normal schedule or changes in their schedule. For example, a
scheduled party may lead to the device interacting with the
user with a reminder to go to the party or increase their
activity to offset calories consumed at the party.

In another implementation the fitness monitoring device
may use the user’s historical data in conjunction with other
users’ behavior to determine correlations between certain
activities and outcomes. For example, increased activity,
longer sleep duration, or increased weigh frequency may lead
to increased weight loss. The fitness monitoring device may
learn how to report these findings to the user in a way that
maximizes a specific goal (e.g., maximum clarity, or ease of
understanding).

In some other implementations, the fitness monitoring
device may learn what types of user interaction the user
prefers. For example, the fitness monitoring device may
determine the preferred goal celebration (e.g., badge, social
media post, voice message), and then use this information to
maximally incentivize certain goals. For instance, the pre-
ferred goal celebration may be reserved for milestone goal
achievements.

Unless the context of this disclosure clearly requires oth-
erwise, throughout the description and the claims, the words
“comprise,” “comprising,” and the like are to be construed in
an inclusive sense as opposed to an exclusive or exhaustive
sense; that is to say, in a sense of “including, but not limited
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to.” Words using the singular or plural number also generally
include the plural or singular number respectively. Addition-
ally, the words “herein,” “hereunder,” “above,” “below,” and
words of similar import refer to this application as a whole
and not to any particular portions of this application. When
the word “or” is used in reference to a list of two or more
items, that word covers all of the following interpretations of
the word: any of the items in the list, all of the items in the list,
and any combination of the items in the list. The term “imple-
mentation” refers to implementations of techniques and
methods described herein, as well as to physical objects that
embody the structures and/or incorporate the techniques and/
or methods described herein.

Itis to be understood that the use of ordinal indicators, e.g.,
a), b), ¢) . . . or the like, does not inherently convey any
particular order of operations, but is merely used as a conve-
nient mechanism for referencing different operations or steps
of a technique.

There are many concepts and implementations described
and illustrated herein. While certain features, attributes and
advantages of the implementations discussed herein have
been described and illustrated, it should be understood that
many others, as well as different and/or similar implementa-
tions, features, attributes and advantages of the present inven-
tions, are apparent from the description and illustrations. As
such, the above implementations are merely exemplary. They
are not intended to be exhaustive or to limit the disclosure to
the precise forms, techniques, materials and/or configurations
disclosed. Many modifications and variations are possible in
light of this disclosure. It is to be understood that other imple-
mentations may be utilized and operational changes may be
made without departing from the scope of the present disclo-
sure. As such, the scope of the disclosure is not limited solely
to the description above because the description of the above
implementations has been presented for the purposes of illus-
tration and description.

Importantly, the present disclosure is neither limited to any
single aspect nor implementation, nor to any single combina-
tion and/or permutation of such aspects and/or implementa-
tions. Moreover, each of the aspects of the present disclosure,
and/or implementations thereof, may be employed alone or in
combination with one or more of the other aspects and/or
implementations thereof. For the sake of brevity, many of
those permutations and combinations will not be discussed
and/or illustrated separately herein.

What is claimed is:

1. A system comprising:

one or more processors;

a memory;

a first biometric sensor; and

a notification mechanism configured to provide one or

more notifications, wherein:
the first biometric sensor is configured to measure one or
more fitness parameters of a first person,
the first biometric sensor, the notification mechanism,
the one or more processors, and the memory are com-
municatively connected, and
the memory stores instructions that, when executed
by the one or more processors, configure the one or
more processors to:
determine that user engagements by the first person
with the first biometric sensor have occurred on
multiple occasions, wherein each user engagement
produces at least one measurement of a fitness
parameter using the first biometric sensor;
determine a level of engagement metric for the first
person based, at least in part, on the multiple user
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engagements with the first biometric sensor and the
first person’s frequency of user engagement with
the first biometric sensor; and

from the level of engagement metric, generate, using
the notification mechanism, a notification contain-
ing information designed to encourage the first per-
son to more frequently engage with the first bio-
metric sensor and/or maintain a level of
engagement with the first biometric sensor.

2. The system of claim 1, wherein the first biometric sensor
is a biometric sensor that is housed in a scale and that is
configured to at least measure the weight of the first person.

3. The system of claim 1, wherein the memory further
stores instructions that, when executed by the one or more
processors, configure the one or more processors to:

determine a change in the first person’s frequency of user

engagement with the first biometric sensor after gener-
ating the notification.

4. The system of claim 1, wherein the memory further
stores instructions that, when executed by the one or more
processors, configure the one or more processors to:

determine a holistic health score from one or more of the

following parameters associated with the first person: a
sleep characteristic, a demographic characteristic, a
location characteristic, a caloric intake rate, a level of
interaction with a second biometric sensor, and weight;
and

use the holistic health score, together with the level of

engagement metric, to determine the information
designed to encourage the first person to more fre-
quently engage with the first biometric sensor and/or
maintain a level of engagement with the first biometric
sensor.

5. The system of claim 1, wherein the notification includes
one or more notifications selected from the group consisting
of: a congratulatory message for reaching a defined value of
the level of engagement metric; a congratulatory message for
reaching a defined value of the fitness parameter; a congratu-
latory message for meeting a pre-established fitness goal; a
castigatory message for failing to reach a defined value of the
level of engagement metric; a castigatory message for failing
to reach a defined value of the fitness parameter; a castigatory
message for failing to meet a pre-established fitness goal; a
message to a second person associated with the first person; a
message to the first person presented via a social networking
site and visible to other people associated with an account of
the first person on the social networking site; a congratulatory
message for meeting a pre-established user engagement goal;
a grant to the first person of a gaming asset for a computer-
based game, wherein the gaming asset is selected from the
group consisting of: an avatar accessory, an in-game currency,
an in-game unlockable, and downloadable content; a with-
drawal from the first person of a gaming asset for a computer-
based game, wherein the gaming asset is selected from the
group consisting of: an avatar accessory, an in-game currency,
an in-game unlockable, and downloadable content, an
audible communication, and a tactile communication.

6. The system of claim 1, wherein the memory further
stores instructions that, when executed by the one or more
processors, configure the one or more processors to: deter-
mine through the first person’s level of engagement metric
and/or measured fitness parameter that the first person has
changed a behavior impacting fitness, wherein the notifica-
tion comprises presenting a congratulatory message for
changing the behavior impacting fitness.
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7. The system of claim 1, wherein the memory further
stores instructions that, when executed by the one or more
processors, configure the one or more processors to:

determine that the level of engagement metric is below a

threshold level of engagement;

determine the location of the first person; and

cause the first biometric sensor to move in a direction

selected from the group consisting of: towards the first
person and away from the first person.

8. The system of claim 7, wherein the memory further
stores instructions that, when executed by the one or more
processors, configure the one or more processors to:

determine whether a time-based alarm is to be activated;

and

provide the indication via the notification mechanism

responsive to the determination that the time-based
alarm is to be activated.

9. A computer-readable, non-transitory storage medium
storing executable instructions that, when executed, cause
one or more processors to:

determine that user engagements by a first person with a

first biometric sensor have occurred on multiple occa-
sions, wherein each user engagement produces at least
one measurement of a fitness parameter using the first
biometric sensor;

determine a level of engagement metric for the first person

based, at least in part, on the multiple user engagements
with the first biometric sensor and the first person’s
frequency of user engagement with the first biometric
sensor; and

from the level of engagement metric, generate, using a

notification mechanism, a notification containing infor-
mation designed to encourage the first person to more
frequently engage with the first biometric sensor and/or
maintain a level of engagement with the first biometric
sensor.

10. The computer-readable, non-transitory storage
medium of claim 9, wherein the first biometric sensor is a
biometric sensor that is housed in a scale and that is config-
ured to at least measure the weight of the first person.

11. The computer-readable, non-transitory storage
medium of claim 9, wherein the executable instructions fur-
ther include instructions that, when executed, cause the one or
more processors to determine a change in the first person’s
frequency of user engagement with the first biometric sensor
after generating the notification.

12. The computer-readable, non-transitory storage
medium of claim 9, wherein the executable instructions fur-
ther include instructions that, when executed, cause the one or
more processors to:

determine a holistic health score from one or more of the

following parameters associated with the first person: a
sleep characteristic, a demographic characteristic, a
location characteristic, a caloric intake rate, a level of
interaction with a second biometric sensor, and weight;
and

use the holistic health score, together with the level of

engagement metric, to determine the information
designed to encourage the first person to more fre-
quently engage with the first biometric sensor and/or
maintain a level of engagement with the first biometric
sensor.

13. The computer-readable, non-transitory storage
medium of claim 9, wherein the notification includes one or
more notifications selected from the group consisting of: a
congratulatory message for reaching a defined value of the
level of engagement metric; a congratulatory message for
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reaching a defined value of the fitness parameter; a congratu-
latory message for meeting a pre-established fitness goal; a
castigatory message for failing to reach a defined value of the
level of engagement metric; a castigatory message for failing
to reach a defined value of the fitness parameter; a castigatory
message for failing to meet a pre-established fitness goal; a
message to a second person associated with the first person; a
message to the first person presented via a social networking
site and visible to other people associated with an account of
the first person on the social networking site; a congratulatory
message for meeting a pre-established user engagement goal;
a grant to the first person of a gaming asset for a computer-
based game, wherein the gaming asset is selected from the
group consisting of: an avatar accessory, an in-game currency,
an in-game unlockable, and downloadable content; a with-
drawal from the first person of a gaming asset for a computer-
based game, wherein the gaming asset is selected from the
group consisting of: an avatar accessory, an in-game currency,
an in-game unlockable, and downloadable content, an
audible communication, and a tactile communication.

14. The computer-readable, non-transitory storage
medium of claim 9, wherein the executable instructions fur-
ther include instructions that, when executed, cause the one or
more processors to determine through the first person’s level
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of' engagement metric and/or measured fitness parameter that
the first person has changed a behavior impacting fitness,
wherein the notification comprises presenting a congratula-
tory message for changing the behavior impacting fitness.

15. The computer-readable, non-transitory storage
medium of claim 9, wherein the executable instructions fur-
ther include instructions that, when executed, cause the one or
more processors to:

determine that the level of engagement metric is below a

threshold level of engagement;

determine the location of the first person; and

cause the first biometric sensor to move in a direction

selected from the group consisting of: towards the first
person and away from the first person.

16. The computer-readable, non-transitory storage
medium of claim 15, wherein the executable instructions
further include instructions that, when executed, cause the
one or more processors to:

determine whether a time-based alarm is to be activated;

and

provide the indication via the notification mechanism

responsive to the determination that the time-based
alarm is to be activated.
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